Partially phosphorylated polyvinyl alcohol (PPVA) films were prepared at five mole ratios of phosphoric acid (PA) using solution casting technique. The optical properties of the PPVA films were examined using UV-visible (UV) and photoluminescence (PL) spectroscopy. The UV absorption spectra reveal that the absorption peaks are blue-shifted with an increase in PA concentration added to the pure PVA. The PL spectra show the presence of peaks which are characteristic of isotactic (389-398, 460-462 nm), syndiotactic (418-420 nm), and atactic (440-446 nm) configurations of the PPVA. The results also show the peak of O-P-O bonding at a wavelength range of 481-489 nm.
Introduction
Polyvinyl alcohols (PVA) have garnered much interest over the years due to their vast range of applications. PVA is a material where its physicochemical properties are dependent on the degree of polymerization, hydrolysis, and distribution of its hydroxyl groups (OH). Partially phosphorylated PVA (PPVA) is produced by reacting PVA with a very strong phosphoric acid (PA) [1] . The use of PPVA is commonplace in the industry due to its array of favorable properties such as excellent film forming [2] , conductivity [3] , ion exchange [4] , chemical resistance [5] , and flammability [6] . Variations of the PA concentration will result in a color change in the complexes from transparent to brown [7] . However, it is found that only a few studies have studied the reaction between PVA and PA, with emphasis on the optical properties of the product [8] . The UV-visible spectra of a PVA/H 3 PO 4 /CV system in [9] show that the absorption peaks can be mainly ascribed to CV and the complexes of PVA/H 3 PO 4 are said to have very weak absorption peaks. Two intense characteristic absorption peaks of phosphotungstic acid are observed at 199.3 and 270.1 nm for PWA/PVA composite membranes, which proves the interactions among PWA, PVA, and phosphate groups [10] . The UV-visible spectra of a Cu II-PPVA system recorded at 20-300 nm and 550-800 nm show the presence of two absorption bands at 253 and 780 nm for a pH of 2.5-3. The system becomes blue-shifted when the pH level is increased to 7, in which the absorption peak shifts to a lower wavelength at 218 nm [4] . In [8] , annealing of PPVA at 70 ∘ C for 20 h produces an absorption peak at 350 nm. The peak intensity increases and becomes more visible with an increase in PA concentration. The absorption band of PVA/H 3 PO 4 and methylene blue is observed at 425, 605, 675, and 750 nm. The appearance of peak at 605-750 nm is due to methylene blue whereas the peak at 425 nm is due to the presence of PVA/H 3 PO 4 [7] .
The photoluminescence (PL) spectra for PPVA films exhibit broad emission bands which correspond to ← 2 International Journal of Polymer Science a polymer backbone. In isotactic PVA, the extended-chain backbone and the entire OH groups lie on the same side of the plane, whereas in syndiotactic PVA, the OH group alternates from one side of the plane to another. The sequential distribution of OH groups on either side of the backbone can be explored to design a regular interchain in bridging a layered structure. Finally, there is no particular distribution for OH groups in atactic PVA [12] . The PL spectra for pure PVA dispersed in small polymer molecules in water (∼4.0 g/dL) exhibit three distinct bands at 415, 437, and 465 nm after excitation at 400 and 350 nm [12] . Deconvolution of the PL spectra for a PVA/ZnO system shows that the peaks at 400, 415, 439, and 465 nm are attributed to pure PVA whereas the peak at 506 nm is due to the presence of ZnO nanoparticles [11] . However, it is observed from existing literature that PL spectroscopy has not been carried out for analysis of PPVA complexes and thus the goal of this study is to examine the optical properties of PPVA complexes at different concentrations of PA using UV-visible and PL spectroscopy.
Materials and Methodology
Partially hydrolyzed polyvinyl alcohol (PVA, 86.7%) and phosphoric acid/orthophosphoric acid (PA, 85%) were sourced from R&M Chemicals. PVA was mixed with PA at five mole ratios (0.1, 0.2, 0.3, 0.4, and 0.5) and stirred at 90 ∘ C for 2 h to form partially phosphorylated PVA (PPVA). The solutions were poured into separate Petri dishes and dried at room temperature for 3 days. The absorption spectra of the PPVA films were recorded using Cary 50 UV-visible spectrophotometer whereas the PL spectra of the PPVA samples were recorded using Perkin Elmer LS 55 luminescence spectroscopy within a range of 200-900 nm at five excitation peaks (272, 300, 350, 400, and 500 nm).
Results and Discussion

UV-Visible Spectroscopy Analysis.
The absorption spectra for pure PVA and PPVA films at five mole ratios are shown in Figure 1 . The pure PVA exhibits absorption bands at 204, 277, and 324 nm while the reaction between PVA and PA shows only one absorption band at 274 nm due to the interaction of PVA with the phosphate component [10] . The position of the absorption bands shifts towards lower wavelengths and are found to be within the range of 274-270 nm with an increase in mole ratio. An et al. [4] observed the occurrence of absorption peaks for metal Cu (II)-PPVA solution complexes with pH 2.5-3.0 at 253 and 780 nm and the absorption peaks shift to a lower wavelength (218 nm) when the pH level was increased to 7. The results obtained in this study agree well with the findings of An et al. [4] . The blue shifts indicate the formation of inter/intramolecular hydrogen bonding, primarily bonding between the PA ions and adjacent OH groups. The bonds reflect variations of the energy band gap resulting from the variations of crystallinity within the polymer matrix [13] . It is also observed that the intensity of the absorption bands increases with an increase in mole ratio. A high absorption intensity indicates that more absorption states or defect energy bands exist within the complexes. The absorption peak becomes less visible at the highest mole ratio (0.5) and it is observed that the polymer film becomes oily and wet, which is attributed to the plasticization effect associated with an increase in PA concentration [7] . The results are in good agreement with the findings of Mitra et al. [14] who observed the absence of absorption peaks at high PA content for a mixture of PVA, PEG, PA, and gold nanoparticles.
The optical band gap is defined as the difference between the bottom of the conduction band and the top of the valence band, and it basically represents optical transition. The absorption coefficient needs to be determined first in order to determine the optical band gap of the films and is given by the following formula:
where is the absorbance and is the film thickness. Davis and Mott [15] reported that electronic transition occurs near the absorption edge and can be determined by plotting
2 as a function of photon energy (ℎ]). The absorption coefficient is rewritten as
where is a constant, ℎ] is the photon energy, and is the optical band gap. In this study, the values of ( ℎ])
2 are plotted as a function of photon energy (ℎ]) as shown in Figure 2 , and the values are extracted to determine the direct transitions by extrapolating ( ℎ]) 2 = 0. The optical band gap values determined from the plot are presented in Table 1 International Journal of Polymer Science International Journal of Polymer Science and it can be seen that the increases with increasing mole ratio, which indicates that the concentration of PA plays a significant role in reducing defects in the films. These defects produce localized states in the optical band gap, in which the localized states overlap one another. Fewer overlaps are indicative of increasing energy band gap due to the increase in PA concentration within the polymer matrix. In other words, an increase in the optical band gap reflects a decrease in the degree of disorder in the polymer films due to changes in the polymer structure.
Photoluminescence (PL) Spectrophotometry Analysis.
The PL spectra for pure PVA and PPVA samples prepared with a mole ratio of 0.3 at five excitation wavelengths (272, 300, 350, 400, and 500 nm) are shown in Figure 3 . It can be observed that the peak emissions are red-shifted with an increase in excitation wavelength. The broad band emissions appear around the green-yellow region with the exception of 500 nm as it is observed that there are no emission peaks. The broad band emissions correspond to the ← * electronic transition of the OH groups which are characteristic of three distinct polymer configurations in the aqueous solution, that is, isotactic(i), syndiotactic(s), and atactic(a).
The PL spectra for pure PVA and PPVA samples with five mole ratios at an excitation wavelength of 300 nm are shown in Figure 4 . It can be seen that the emission bands shift towards lower wavelengths within a range of 412-389 nm with an increase in mole ratio. Furthermore, the intensity of the emission bands increases with an increase in mole ratio, which proves that the phosphate element interacts with the PVA in the complexed PPVA. A strong PL resonance excitation ( ext = 300 nm) appears within a wavelength range of 389-398 nm due to OH stretching vibration ] 1 (or overtone) of the i-PVA/PPVA configuration.
The PL spectra for pure PVA and PPVA samples with five mole ratios at an excitation wavelength of 350 and 400 nm are shown in Figures 5 and 6 a-PVA/PPVA configuration, respectively, as shown in Table 2 . In general, the emission peak shifts towards to longer wavelengths with an increase in excitation wavelength. In other words, the samples are red-shifted, whereby the emission peak for pure PVA shifts from 418 to 440 nm, whereas the emission peak for PPVA with the highest mole ratio shifts from 420 to 446 nm due to the O-X-O phosphors. Refrence [16] stated that the O-X-O phosphors produce defects in the luminescent emissions which are intrinsically related to oxygen vacancies in the complexes at 440 nm. Consequently, the emission peaks appear in multiple overlapping peaks with an increase in intensity. This may be due to the numerous absorption states of various defects existing in the PPVA. A similar trend was also observed by [7] , but with the existence of PVA/H 3 PO 4 peak at a wavenumber of 425 nm. Broad emission bands occur within a range of 462-468 nm and 481-489 nm when the excitation is increased to ext = 400 nm, as shown in Figure 6 . It can be deduced from the results that the PPVA complexes mainly consist of isotactic, atactic, and syndiotactic PVA/PPVA configurations. The s-PVA/PPVA gives a stable structure, which complicates the dissolving process in pure water. The free OH groups react with PA in a more stable equilibrium structure and only a few OH groups are free to produce PPVA.
The molecular structures of isotactic, syndiotactic, and atactic configurations of PPVA are illustrated in Figure 7 . The photoluminescence data for pure PVA and PPVA prepared with five mole ratios at three excitation wavelengths are summarized in Table 2. The energy level diagram which shows PL emissions and nonradiative processes at 300, 350, and 400 nm is shown in Figures 8, 9 , and 10, respectively. All of the energy level diagram was drawn by referring to PVA energy level diagram as presented by [12] . The 300 nm excitation resonates the excited electronic states in s-PVA at 412 nm ( Table 2 ). The remaining band falls within 389-398 n and is the most intense band of the PL spectra and is ascribed to i-PPVA, as shown in Figure 8 .
Conclusion
The effect of phosphoric acid concentration on the optical properties of PPVA complexes has been investigated in this study. The UV-visible spectra reveal notable variations in peak intensity and position with an increase in mole ratio due to the interactions between PA ions and OH groups. The optical band gap of the PVA slightly increases with the addition of PA due to the decrease in the formation of defects within the polymer matrix. It is observed that there are five distinct bands in the PL spectra at 391, 429, 442, 468, and 481 nm after excitation at five wavelengths (272, 300, 350, 400, and 500 nm) for PPVA films with a mole ratio of 0. the ← * transition of the free OH groups in s-, a-, and i-PPVA configurations. The interactions between H 2 O and PA modify bridging in the s-PPVA, which changes to a-PPVA configuration at higher PA concentrations. The lack of highly sensitive bridging makes the i-PPVA more sensitive to H-bonding with H 2 O molecules. In general, the findings of this study are beneficial as they enhance understanding on the modified structures and optical properties of PPVA polymer films, which will assist researchers in developing PPVA polymers for new applications.
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